Moisture recycling can be an important source of rainfall over the Amazon forest, but this 8 process relies heavily upon the ability of plants to access soil moisture. Evapotranspiration 9 (ET) in the Amazon is often maintained or even enhanced during the dry season, when net 10 radiation is high. However, ecosystem models often over predict the dry season water stress.
Introduction 27
The Amazon forest stores huge amounts of carbon in its biomass (Saatchi et al. 2007, 28 adaptations and produces unrealistic dry season water stress. The standard version is called
114
SiB3 Unstressed (or SiB3U for short), and the latter model is SiB3 Stressed (or SiB3S). We for enzyme kinetics (Farquhar et al. 1980 ) and is linked to stomatal conductance (Collatz incoming rainfall cannot infiltrate the top layer. SiB3's evapotranspiration (ET) is the sum 133 of canopy transpiration and evaporation from puddles, the top soil layer, and the canopy.
134
The modifications to SiB3 Stressed alter the stomatal conductance, therefore di↵erences in 135 the canopy transpiration dominate the model di↵erences in ET. In the coupling with the 136 GCM, ET is converted to latent heat flux from the canopy air space to the mixed layer
137
(which is the lowest GCM level). ET due to the constant LAI and fPAR.
156
SiB3 constrains the net ecosystem exchange (NEE) of CO 2 to be roughly zero each previous year's assimilation. Soil texture is based on maps from the International Geosphere- 
221
To diagnose behavior during dry season droughts, we first computed an area-averaged averaged together for analysis of land-atmosphere interactions.
232
We also determined drought months using two well-known drought indices: the Stan- three months and highlights short-term droughts, while the SPI6 is based on the previous 238 six months and identifies longer-term (but sub-annual) droughts. We calculated the SPI for 239 each ensemble and determined drought months (during JJA only) as summarized in Table   240 2. The SMA is directly related to the soil moisture stress felt by the model:
where SM is the soil moisture content for the entire rooting profile averaged over the pre-
242
ceding 12 months, and SM c is the soil moisture climatology for the individual ensemble. The
243
SMA was standardized, and we defined droughts as months (during JJA) when the SMA < 244 -1. Observed annual precipitation has a maximum in the northwestern Amazon (Fig. 1) , and 266 high annual rainfall extends to the southeast through the South Atlantic convergence zone.
267
The models capture the mean pattern of high annual rainfall in the northwest and lower 
where TWV is the monthly change in atmospheric total water vapor. In the SAma, the 301 BUGS5 model demonstrates a similar trade-o↵ between ET and MC as the two Hadley
302
Centre models (Fig. S7) are significant model di↵erences in surface fluxes along the southern edge of the forest (Fig.   323 3).
324
We define the region with the largest model di↵erences as the southeastern (SE) Amazon compared to SiB3S. We examine these di↵erences in more detail in Fig. 4 , which shows both SiB3U has slightly higher surface relative humidity ( and the di↵erences in surface fluxes between the models are enhanced (Fig. 6 , Table 3 ).
375
Contrary to the results for an average dry season, the enhanced ET in SiB3U can play 376 an important role in moisture recycling during dry season droughts. Precipitation in the SE
377
Amazon region is approximately 20% higher in SiB3U (Fig. 6 , Table 3 ). The Unstressed 378 atmosphere is cooler (by up to 1.8 K at 850 hPa) and more moist (by on average 1 g kg 1 ).
379
The result is slightly higher h between the surface and 850 hPa, although the di↵erences are 380 not significant (Fig. 7) . The moist static energy is higher near the surface and lower near 381 700 hPa, and there is slightly more CAPE in SiB3U. Above 700 hPa, subsidence is stronger 382 in SiB3S.
383
Although rainfall during droughts is higher in SiB3U, the number of drought months 384 is also higher. This is likely a result of the selection criteria. During the dry season, the 385 modeled rainfall is infrequent but heavy rains are possible, leading to a bimodal probability (Fig. 8) . As a result, precipitation is stronger in SiB3U (Table 4) (Fig. S10 ). There is more moist static energy in the lower atmosphere in SiB3S, and stronger 413 precipitation in this model (Table 4) . average in both models, but LH is lower by up to 60 W m 2 in SiB3S (Fig. 9) . The LH
439
is closely linked to rainfall events in SiB3S, while SiB3U produces a higher flux with less 440 variability. As a result, the atmospheric precipitable water (PRW) remains relatively low in
441
SiB3S through mid-August, while both PRW and h increase about a month earlier in SiB3U. SiB3U produces less rainfall than SiB3S during June-July 1999 in Ensemble 3. In this case,
451
large-scale dry conditions overshadow the higher LH in SiB3U and result in low CAPE,
452
PRW, and h. This represents a limit on the moisture recycling capacity of the forest.
453
The di↵erences in soil moisture access between the models also have implications for the 454 carbon cycle. The net CO 2 flux from the canopy to the atmosphere is the di↵erence between 455 uptake by the forest through photosynthesis and e✏ux due to respiration (the convention is lower ET and yet more precipitation.
473
During a dry season drought, maintained ET has the potential to dampen the drought's 474 intensity if the moistening e↵ect of higher LH is stronger than the cooling e↵ect of lower SH. transition from wet to dry season.
487
A second factor a↵ecting moisture recycling during drought is the diversity of plant 488 response to drought. Given the high species diversity of the Amazon forest, its trees likely 489 employ a variety of mechanisms for drought tolerance and avoidance of hydraulic failure.
490
In addition, the modeling study does not account for semideciduous trees in the southern
491
Amazon, nor land use change. Due to these limitations, the response from SiB3 Unstressed
492
can be interpreted as an upper limit to the ability of the forest to recycle precipitation. Table 3 . For reference the profiles are shown for an average JJA and a JJA drought defined with the Anomaly Time Series. 
